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HyperFACETS Motivation

Actionable climate science relies on effective communication of regional climate information and its
associated uncertainties. In light of future uncertainty, it is absolutely necessary to build trust in
climate models and climate data.

We want to objectively address the questions:

How much can we trust given climate information for actionable climate science?
How can we ensure its saliency?

We normally say that a climate dataset is credible if it can accurately reproduce historical climatology
(for example, average conditions and extreme events/periods) and it gets the answer for the right
reasons (by capturing relevant processes, crucial for ensuring trust in future projections).
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HyperFACETS Project Goals

1. Advance our understanding of processes at the atmosphere-water-energy-land interface.

2. Fundamentally understand and evaluate our ability to perform credible climate modeling

of particular regions and their associated processes, especially in the extreme.

3. Strengthen stakeholder engagement in model development, evaluation and application.

Engage effectively in co-production: Together enforcing the science and meeting real

needs.
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Achieving Project Goals via Continuous Engagement

How well do Earth-system models,

How are stakeholders using climate i -
g Model and Data integrated humarl Earth system
data? What are stakeholder needs models, and available datasets

for climate data? perform for relevant quantities?

Evaluation

Stakeholder Engagement S&Bhce Process

What are the drivers and processes
that are most important for

: : . ' ?
How credible and salient are Earth- Expert Guidance ensuring model performances

system models and available
datasets for stakeholder need?

What role does human activity
(GHG emissions vs. land-use) play
in affecting these quantities?
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Traditional Approach: Hurricane Precipitation

General decrease in
storm hours over land,
which is consistent with a
decrease in TC frequency.
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Projections are mixed
when looking at rainfall
from TCs.
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HyperFACETS Science Approach

[ Storylines }

Focus on tangible events
that have produced
significant impacts.

Process
Understanding

Deepen our understanding
of the processes that
connect the physical system.

Multi-Sector Differential
Interactions Credibility Analysis

Understand the two-way Assess our ability to correctly
interactions between the model the processes in the
human and Earth system. physical system.
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Selecting Storylines

* Historic events with significant socioeconomic impacts
* Events that stakeholders / practitioners are using for future planning
* Events which are most significantly lacking in available data
...or events where more information has the greatest potential to shape decision making
» Events with synergies across regions / groups when it comes to the salience of our conclusions

* Events where there is a need for deeper process understanding

Related concepts:
* Synthetic storylines can also be explored; these do not correspond to historical events.

* Anthologies are groups of storylines that are similar in geography or character.
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Storyline Approach: Hurricane Irma

« Configure climate model to run in
hindcast mode. Implement with
the same variable-resolution grid
from climate-scale analysis:

 How does storm rainfall change for
Hurricane Irma?
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Storyline Approach: Hurricane Irma

GPM Observed Precipitation (9/09-9/12/2017)

32°N —

« Configure climate model to run in
hindcast mode. Implement with a7
the same variable-resolution grid
from climate-scale analysis:

28°N —

26°N —

24°N T T T T
88°W 86°W 84°W 82°W 80°W

,571 2 3 4 5 6 8 10 12 14 16
Total Observed Precipitation (9/09-9/12/2017)

32°N ——

Obs.

AT T i Rl

> /7 F -
L e
. y

[~ 3
PN
Ao | A

30°N —

28°N —

 How does storm rainfall change for
Hurricane Irma?

26°N —

24°N T T T T
88°W 86°W 84°W 82°W 80°W

pEE BE> _ BE

5 1 2 3 4 5 6 8 10 12 14 16
in.

February 23rd, 2022 2022 UF Water Institute Symposium



Storyline Approach: Hurricane Irma

GPM Observed Precipitation (9/09-9/12/2017)
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Storyline Approach: Hurricane Irma
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Storyline Approach: Hurricane Irma
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Storyline Approach: Operational Attribution
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Storyline Approach: Operational Attribution

99 percentile

1 4

| 3-hr Rainfall
# counterfactual /| ‘ actual ||
= v DR &= o s Amounts

) di 1 7 ¢ e | 14 Lo = ommromny AN |
/] ﬁ i ,;I:{_,/ + g ;' _'»‘\v" ; % ';' e E
- \:\\\’ ¢ PUERY.. & ¢ s 12 3 3

",' B = ‘J'
~ |_\\\ - | ‘\‘, e l.__\\ ;\3 10 — E -
NS N ; < |
: 0 £ 8
30W 0 0o 9

. 1 4 % 6 — I_ =
’1 counterfactual actual|| & , ;
40N ——————— 40N - — i [
. » ”f' v f, :/. Y 4 /‘(/“ - i 2 -E J :-
. ,/'/ ,/'/ 1 i

20N - & . $ - 20N - % p - o = T e A

. / 1.0 2.0 3.0 4.0

: L : o U i N Rainfall Amount (in)
0 A—— : , o : , A shift of ~10 == 5% in
most extreme rainfall

2 4 6 8 10 12 14 16 18 20

Rainfall (in) rates.

February 23rd, 2022 2022 UF Water Institute Symposium

Reed et al. (2022)




Takeaways

« The combination of traditional (decadal trends) and storyline
approaches suggest a consistent conclusion: TC rainfall per
hour of storm impact will increase under a warming
climate.

* There is a growing effort in the scientific community — with
direct stakeholder needs — to quantify the impact of climate
change on recent extreme events and how these events will
change in the future. Storylines are a promising approach.

* Work suggests there is a pathway toward operational
storyline frameworks in the future.
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Future Work — Expanding Storyline Approaches

Wildfire in the
Western US

[ Winter
<@> Megadrought in the Windstorms '
DA Upper Colorado
\ North American
Derechos and Urban Flooding in the
Convective Winds Northeast Corridor
Integrated Hydrocllmate [ Freezing Rain
of California and Icing

Worst-Case
Hurricane Tracks

[ New Storyline Methods 1
[ Urban Deep-Dive ]

from Tropical Cyclones

[ Compounding Effects
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Future Work — Expanding Storyline Approaches

" ~ Observations
S it ————— 9/at12z
d —— 9/9at0Zz
. . . > — 9/8at12Z
Wildfire in the 32N ¢ T ssaz
Western US ‘ . 917 at 122
30°N L N\ ¢
4@ Megadrought in the Wil -
DA Upper Colorado
v North American ., _ Ay )
Derechos and YA
Convective Winds 2+ +
22°N —;’ ,'\ -—
Integrated Hydrocllmate -
of California B0 | w | [ e
84°W  82°W  80°W  78°W  76°W  74°W  72°W  70°W

Worst-Case
Hurricane Tracks

[ New Storyline Methods 1
[ Urban Deep-Dive ]

from Tropical Cyclones

[ Compounding Effects

February 23rd, 2022 2022 UF Water Institute Symposium



U.S. Department of Energy | Office of Science e .

YPERFACETS §/

A Framework for Improving Analysis and Modeling of Earth
System and Intersectoral Dynamics at Regional Scales

Thanks!

kevin.reed@stonybrook.edu

EER, U.S. DEPARTMENT OF Office of

A ¢
S 3
& e
~ B
&
@ N/
NS Science
Iy \\\\




Modeling Storylines

Pseudo Global Warming (also Imposed Global Warming)

* Model the historical event using forcing from reanalysis data

* Assess expected change to thermodynamics (and optionally dynamics) due to climate change

* Impose these changes at a coarse level and re-simulate the historical event

* Instead of imposing global warming, we can instead impose land-use land-cover change (LULCC)

Direct Downscaling

* l|dentify events in, e.g. CMIP data, that have similar character to the event being studied
* Use downscaling to obtain a representation of the events at high resolution

* Repeat over multiple events to obtain a sufficient statistical sample

Large Ensembles
* Evaluate the statistics of analogous events over the large ensemble
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